Inhomogeneous freeze-out in heavy-ion collisions 
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Lattice QCD finds that a line of first-order phase tran- 
sitions in the (//b,T) plane ends in a critical point at 
T w 160 MeV, /z B w 360 MeV [1]. There is an ongoing 
experimental effort to detect that critical point in heavy- 
ion collisions at high energies. It is hoped that by vary- 
ing the beam energy, for example, one can "switch" be- 
tween the regimes of first-order transition and cross over, 
respectively. If the particles decouple shortly after the 
expansion trajectory crosses the line of first order transi- 
tions one may expect a rather inhomogeneous (energy-) 
density distribution on the freeze-out surface [2] (similar, 
say, to the CMB photon decoupling surface observed by 
WMAP [3]). On the other hand, collisions at very high 
energies (/i B — 0) may cool smoothly from high to low T 
and so pressure gradients tend to wash out density inho- 
mogeneities. Similarly, in the absence of phase-transition 
induced non-equilibrium effects, the predicted initial-state 
density inhomogeneities [4] should be strongly damped. 
' Here, we investigate the properties of an inhomogeneous 
fireball at (chemical) decoupling. Note that if the scale of 
these inhomogeneities is much smaller than the decoupling 
volume then they can not be resolved individually, nor will 
they give rise to large event-by-event fluctuations. Because 
of the nonlinear dependence of the hadron densities on 
T and /z B they should nevertheless reflect in the event- 
averaged abundances. Our goal is to check whether the 
experimental data show any signs of inhomogeneities on 
the freeze-out surface. 

Perhaps the simplest possible ansatz is to employ the 
grand canonical ensemble and to assume that the inten- 
sive variables T and /i B are distributed according to a 
Gaussian. This avoids reference to any particular dynam- 
ical model for the formation and the distribution of den- 
sity perturbations on the freeze-out surface. Also, in this 
simple model we do not need to specify the probability 
distribution of volumes V. Then, the average density of 
species i is computed as 

Pi (T,JI b ,5T,Shb) = (1) 

OO 

dT P(T;T,5T) / dp, B P(/i B ;/x B , 5fi B ) Pi(T, /i B ) , 


with pi(T,p, B ) the actual "local" density of species i, and 
with P{x;x, Sx) ~ exp ^— %r§is 1 the distribution of tem- 


2 Sx 


peratures and chemical potentials on the freeze-out sur- 
face. Feeding from (strong or weak) decays is included by 


replacing p i 


Pi 


Bij Pj. The implicit sum over j ^ 


runs over all unstable hadron species, with B^ the branch- 
ing ratio for the decay j — > i. For the present analysis we 
computed the densities /?i(T, /x B ) in the ideal-gas approx- 
imation. 

We perform a x 2 n t to both the midrapidity and 4ir 
data obtained by NA49 for central Pb + Pb collisions at 
y/sNN — 17.3 GeV (compiled in [5]). A similar analysis 


for lower and higher energies is underway. Error estimates 
for the parameters (confidence intervals) are obtained from 
the projection of the regions in parameter space defined by 
X 2 < Xmin + 1 on t° eacn ax i s - This corresponds to a confi- 
dence level of 68.3% if the errors are normally distributed. 

Table 1 shows the resulting best fits with and without 
finite widths of the T and /i B distributions. The fits im- 
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Table 1: 

Fit results. 

Lines with 5T = 

Sp,B — correspond 


to a forced homogeneous fit. 

prove (lower x 2 /dof) substantially in both cases when 8T, 
5 [is are not forced to zero. The inhomogeneous fits return 
significantly lower mean temperature T. However, this is 
not the "mean" temperature of the particles, which instead 
is given by (T) t = J dT TP(T) J dp, B P{hb) P 1 {T 1 Hb)/ 
~p i% cf. table 2. We see that e.g. the bulk of the particles 
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Table 2: Mean temperature and chemical potential of var- 
ious particle species for the inhomogeneous freeze-out. 

originates from different density and temperature regions 
than the corresponding anti-particles. Hence, our results 
suggest that the decoupling surface might not be very well 
"stirred" . 
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